The National Exposure Research Laboratory of the U.S. Environmental Protection Agency conducts research to measure exposure of individuals to chemical pollutants through the diet. In support of this research, methods are being evaluated for the determination of pesticides in dietary composite samples. In the present study, Soxhlet, blender, microwave-assisted, pressurized fluid, and supercritical fluid extraction methods were compared for the determination of incurred and added pesticides in 4 dietary composites, which varied in fat and water content. Incurred pesticides were chlorothalonil, chlorpyrifos, DDE, dicloran, dieldrin, endosulfan I, malathion, cis-and trans-permethrin, and trifluralin. Added pesticides were a-and (-chlordane, hexachlorobenzene, and fonofos. Concentrations of the individual pesticides were between 0.2 and 20 ng/g composite. All 5 methods tested could extract pesticides from dietary composites. Most incurred pesticides were recovered from the dietary composites within the range of 59-140% of expected values. Recoveries of added pesticides were between 60 and 130%. Microwave-assisted extraction led to significantly higher concentrations of 7 pesticides. Blender extraction yielded significantly higher concentrations of chlorothalonil and fonofos. Water content was a significant factor in the recovery of chlorothalonil, and fat content was a significant factor in the recovery of fonofos. In designing an exposure study, the selection of the extraction method would be determined by number of samples to be extracted, analyte stability, and cost.
T he National Exposure Research Laboratory (NERL) of the U.S. Environmental Protection Agency (EPA) is developing analytical methods for composited dietary samples collected during multimedia/multipathway (aggregate) exposure studies. The purpose of these studies is to determine an individual's exposure to pesticides and other environmental contaminants. Within the exposure studies, dietary sampling is conducted by compositing a duplicate of foods consumed by an individual for a specified amount of time, typically 24 h. The analysis of dietary composites for pesticides requires extraction methods that recover a wide range of analytes from food samples with variable fat and water contents.
There are currently no validated methods for the extraction of pesticides from composite samples that contain both fatty and nonfatty food items. AOAC Official Method 970.52 for organochlorine and organophosphorus pesticides requires different extraction solvents for fatty and nonfatty foods (1) . In that method, fatty items such as fish tissue are first blended with sodium sulfate to break up the sample and facilitate contact between moist tissue and solvent, before extraction by blending with petroleum ether. In contrast, moist nonfatty foods are extracted by mixing with Celite as a drying agent and blending with acetonitrile. Other pesticide residue methods also make the distinction based on fat content by using a nonpolar solvent for fatty foods (2, 3) and a water-miscible solvent for nonfatty foods (4, 5) . In a dietary composite sample, the pesticide may be associated with either a fatty or a nonfatty food item. A method for extracting pesticides from a composited dietary sample must involve solvent contact with both fatty and nonfatty components of the mixture.
Soxhlet extraction, blender extraction, microwave-assisted extraction (MAE), pressurized fluid extraction (PFE), and supercritical fluid extraction (SFE) were considered for extraction of pesticides from dietary composites. Soxhlet and blender extraction are traditional methods performed at ambi-ent pressure and temperature. The advantages and theoretical considerations of the newer extraction methods, PFE, MAE, and SFE, have been described in recent books and journal reviews (6) (7) (8) (9) (10) (11) (12) . PFE is typically described as a method that uses the same solvents as Soxhlet or blender extraction, but the closed extraction vessel permits solvent temperatures above the boiling point. The use of higher temperatures increases solvent strength and diffusivity, whereas higher pressure improves contact between solvent and matrix. Therefore, less solvent and less time are required for PFE than for Soxhlet extraction. MAE in closed cells also allows extraction temperatures above the solvent boiling point. SFE is often used for selective separation of a narrow range of analytes from a specific matrix (10, 13) . However, at higher CO 2 density, and with the use of a modifier, SFE can be used to extract a heterogeneous group of chemicals from a variety of matrixes (7) . These properties make each method potentially applicable to a dietary composite sample.
Each of the techniques evaluated in this study has been used for extraction of pesticides from a variety of foods and environmental matrixes. A blender is used routinely for extraction of pesticides from either fatty or nonfatty food items (14). MAE, PFE, SFE, and Soxhlet extraction have all been evaluated and approved for use in extraction of semivolatiles from environmental samples such as soils and sludges (15, 16 ). In addition, pesticides have been extracted from nonfatty foods by using MAE (17) , SFE (13) , and PFE (18, 19) . Although these methods have been used successfully for pesticide extraction from different foods and environmental samples, the performance with composited dietary samples required further study.
Field-incurred pesticides incorporated in a food matrix may be more difficult to extract than a pesticide added in a laboratory. Thus, samples containing field-incurred pesticides provide a more rigorous test of extraction methods (13, 20, 21 ). An SFE study suggested greater difficulty in extracting nonpolar field-incurred analytes from nonfatty samples (22) . The greater difficulty in extracting incurred residues from soil and environmental samples has also been documented (23, 24) . Also, field-incurred residues provide a realistic assessment of pesticide loss that could occur during storage.
Water content and fat content have also been shown to be significant factors that can affect pesticide recovery. Pesticide recovery by SFE has previously been shown to be dependent on water content (25) . In addition, water present in fish tissue can function as a cosolvent and produce analytical interferences in PFE (26) . Fat greatly affects extraction results, as indicated by the separate methods applied to fatty and nonfatty foods.
In this study, 4 dietary composites that varied in fat and water content were prepared to cover the composition ranges likely to be encountered in an exposure-monitoring study. Food items with field-incurred pesticides and items with laboratory-added pesticides were included in these dietary composites. Each composite was analyzed by the 5 extraction methods to determine whether performance was dependent on matrix. Because no standard reference materials for pesticides in foods are available, to evaluate method performance with incurred pesticides, experimentally determined concentrations of pesticides in dietary composites prepared with foods containing incurred residues were compared with expected values based on extraction of the individual food items in the dietary composite by the Luke method (4, 5) or by extraction of butter by filtering (14). Method performance with added pesticides was evaluated based on recoveries of the known concentrations added to the food. Concentrations of pesticides extracted were compared by statistical analysis that considered the factors of extraction method, fat content, and water content. (f) Solvents.-Methylene chloride, acetonitrile, acetone, and hexane were Optima grade (Fisher Scientific). SFE grade carbon dioxide was purchased from BOC Gases (Riverton, NJ).
Experimental

Instrumentation
Materials and Apparatus
Pesticide Standards
All pesticide standards were obtained from Absolute Standards (Hamden, CT) in methanol, acetone, or hexane solutions (1 mg/mL) except as noted. cis-and trans-Permethrin were obtained from the EPA Pesticide Repository (Research Triangle Park, NC) as neat materials. The internal standard, ronnel, was obtained from Absolute Standards as a 1 mg/mL solution in methanol. The alternative internal standard, 9,10-dichloroanthracene, was obtained from Aldrich (Milwaukee, WI) as a neat material. The purity of the pesticides was confirmed by full-scan GC/MS.
Determination of Concentrations of Incurred Pesticides
Nonfatty foods with field-incurred pesticides were collected by the South Carolina Department of Agriculture and analyzed by using the Luke method as part of its routine sampling of produce from grocery stores and farmers' markets within South Carolina. These items identified as containing pesticides within the legal tolerance were frozen and shipped to NERL for inclusion in the extraction study. The pesticides identified in these nonfatty items included chlorothalonil, chlorpyrifos, dicloran, dieldrin, endosulfan I, malathion, cisand trans-permethrin, and trifluralin. The specific pesticides found in the individual fruits and vegetables are consistent with findings reported in the U.S. Department of Agriculture (USDA) Pesticide Data Program (27) and were representative of food/pesticide combinations that might be found in dietary samples collected during an exposure study. Food items were stored at -70°C, and each item was reanalyzed by NERL to account for degradation during storage by using a Luke extraction followed by cleanup over alumina (28) and analysis by GC/MS. Butter was purchased commercially and found to contain an incurred residue of DDE, which was determined by using the U.S. Food and Drug Administration method for extraction of fat by filtering (14).
Preparation of Dietary Composites
Four dietary composites, designated as diets A-D, containing varying amounts of fats and water to represent the range of 24 h duplicate diets that might be collected in an expo- sure-monitoring study, were formulated for the current study. These dietary composites included ready-to-eat meat, eggs, cheese, fruits, vegetables, breads, cereal, and butter, but they did not include beverages. Each diet contained a constant portion (80%, Table 1 ) and a variable portion (20%, Table 2 ). The constant portion of the diets consisted of both fatty and nonfatty items, such as would be found in a typical composite diet collected in an exposure monitoring study. The variable portion was used to adjust fat and water contents to cover the range likely to be found in typical composite diet samples. The nonfatty foods used in the constant portion of the diets were combined in the proportions specified in Table 1 and blended by food processor. The blended mixture was separated into 100 g portions and frozen at -70°C.
Because only one fatty food with an incurred residue was available, additional fatty foods fortified with pesticides were prepared in the laboratory to expand the study of pesticide extraction from a fatty matrix. Food ingredients were fortified with pesticides and incorporated into ready-to-eat foods in an attempt to simulate incurred residues rather than to just apply the pesticide to the top of food samples. For example, scrambled eggs with cheese were fortified with hexachlorobenzene by adding the pesticide to egg yolks before they were mixed with egg whites and cream cheese and heated in a skillet until set. In addition, cookies with 3 added pesticides and one incurred residue were prepared by using a "no bake" recipe. The following ingredients were mixed in a saucepan over low heat: butter containing incurred DDE and laboratory-added α-and (-chlordane, peanut butter containing laboratory-added fonofos, sugar, milk, flavoring ingredients, and quick oats. After mixing, the material was spooned onto aluminum foil and allowed to cool. The fatty foods were also combined in the proportions specified in Table 1 , blended, and stored at -70°C in 100 g portions.
The remaining 20% of each dietary composite consisted of a combination of butter, tomato, and breakfast cereal to permit manipulation of water and fat contents as shown in Table 2 . Water content was measured by determining weight recovery after freeze-drying each sample, and fat content was calculated as the sum of total lipid values of individual items as reported in the USDA Nutrient Database (29) . The low-water diets, B and D, contained 55% water, and the high-water diets, A and C, had water contents of 71 and 66%, respectively. The fat contents of the low-fat diets, A and B, were ca 3%, and the fat contents of the high-fat diets, C and D, were ca 9%.
Diets A-D were prepared in 250 g batches by combining the 100 g portion containing fatty foods, the 100 g portion containing nonfatty foods, and 50 g of the appropriate variable portion. All foods were allowed to thaw before blending. The fatty, nonfatty, and variable components were blended by food processor. Diets were blended until visibly homogeneous, and 10 g portions of each diet were stored in glass jars at -70°C until extraction.
Extraction Conditions
Each extraction method was performed with 4 replicate samples of each diet. Before extraction, a 10 g portion of composite diet was mixed with 8 g Hydromatrix by mortar and pestle. Soxhlet extraction was performed for 6-8 h by using 250 mL hexane-acetone (1 + 1, v/v), hexane and acetone from an azeotropic mixture at 59% acetone by weight with a boiling point of 50°C. Blender extraction was performed in a stainless steel explosion-proof blender. The food sample was blended for 2 min with 150 mL hexane-acetone (1 + 1), and then the solids were removed by gravity filtration. The solids were returned to the blender and extracted again with 100 mL hexane-acetone (1 + 1), and the solids were removed again by filtration. The 2 filtrates were combined. For MAE, the sample was split evenly between 2 extraction vessels and extracted with 40 mL hexane-acetone (1 + 1) in each vessel. The temperature was set to increase for 10 min to 100°C and held at 100°C for 10 min. Vessels were allowed to cool to <50°C before 20 mL aliquots were removed from each extraction vessel and combined for sample preparation. PFE was performed by using a single 33 mL extraction cell for each sample. Samples were extracted by PFE with hexane-acetone (1 + 1) at 100°C by using 2 cycles, each including a 5 min heating step and a 10 min static step followed by a purging step with 20 mL fresh solvent. SFE was performed by splitting a 10 g sample mixed with 8 g Hydromatrix evenly into 3 extraction cartridges, because of their 10 mL capacity. A 2 mL portion hexane-acetone (1 + 1) was added to the top of each cartridge before extraction. Collection vessels were loaded with 7 mL acetone. The extraction solvent was CO 2 -methanol (95 + 5) at 5000 psi with a 2 min initial static extraction followed by a flow of 1.5 mL/min for 30 min. Extracts from the 3 cartridges were then combined.
Cleanup Procedure
Extracts were prepared for analysis by GC/MS as previously described (28) . In summary, nonpolar material was removed by hexane-acetonitrile partitioning on the surface of Hydromatrix, a diatomaceous earth material, which was followed by removal of polar materials by adsorption chromatography over alumina. The final cleanup step occurred in a preseparation column in the large-volume injector of a gas chromatograph.
Pesticide Determination
Pesticides were quantitated by selected-ion monitoring GC/MS, with detection of 2 qualifier ions required for identification as previously described (28) . Matrix calibration standards were prepared by the addition of pesticides to dietary composites that had been Soxhlet-extracted and carried through the cleanup procedure. These extracts were found to be free of incurred pesticides. An extract of a dietary composite containing ca 2% fat was used to make the calibration standards used for analysis of extracts of diets A and B, each of which contained about 3% fat. An extract of a diet consisting of ca 8% fat, including 6% butterfat, was used to prepare the calibration standards for diets C and D. The final concentrations of pesticides in the calibration standards were 0, 10, 30, 50, 100, 150, 250, and 500 pg/10 µL aliquot, corresponding to fortification levels of 0-50 ng of each pesticide per gram of dietary composite. The internal standard ronnel was added at 100 pg/10 µL to each calibration standard and analytical sample. A second internal standard, 9,10-dichloroanthracene, was also added in the event that an interference prevented accurate measurement of ronnel. The amount injected and response relative to the internal standard were used to generate an 8-point linear calibration curve for each pesticide. The 8 calibration standards were analyzed with each set of 20 samples from a single diet. A sample set consisted of 4 replicates from each of the 5 extraction methods and the calibration standards.
Calibration curves were linear, with r 2 > 0.98, over the range of 0-50 ng/g for all pesticides except chlorothalonil. The relative response factors were reproducible and equivalent in high-and low-fat matrixes for all pesticides except chlorothalonil, which showed a negative deviation from linearity at low concentrations in low-fat diet samples. Response factors and calibration curves were independent of extraction method. Standard additions of pesticides to PFE, Soxhlet, and MAE extracts produced the same relative response factors.
Statistical Analysis
Separate analyses of variance (ANOVA) were performed for the recovery results for each of the 14 pesticides. Factors considered in the ANOVA model are extraction method (i.e., Soxhlet extraction, blender extraction, MAE, PFE, and SFE) and interaction terms (i.e., between method and fat content, method and water content, and method by water and fat content). Statistically significant method interaction effects are of particular interest as an indication that performance among extraction methods is not constant, but differs depending on the matrix being processed.
For each pesticide, differences between each pair of extraction methods were evaluated based on the pooled variance for differences between means, as given by the ANOVA mean square error. For the 5 methods, there were a total of 10 pair-wise comparisons to be made; therefore, to keep the experiment-wise error rate at 0.05 for each pesticide, Bonferroni adjusted pair-wise p-values of 0.005 were used (30) .
Results
The thoroughness of each extraction method in separating organic-soluble material from a matrix can be quantitated by determining the weight of total material extracted, or residue weight. The residue weight can be compared with the lipid content of the sample to determine whether, under a given set of conditions, an extraction method appears to remove compounds other than lipids. Weight recoveries obtained by the extraction methods for each diet are shown in Table 3 . There is an apparent pattern of higher weight recovery by MAE from diets B and D, and by MAE and Soxhlet extraction from diets A and C, indicating the extraction of nonlipid compounds. However, differences in the weights of the crude extract did not result in consistent differences in chromatograms of the purified extracts, and did not result in chromatographic interferences. The additional material in the crude Soxhlet and MAE extracts was apparently removed during sample cleanup.
Concentrations of pesticides determined by the 5 methods for diets A-D are listed in Tables 4-7 . Concentrations of the field-incurred pesticides DDE, dicloran, dieldrin, endosulfan I, malathion, cis-and trans-permethrin, and trifluralin were between 50 and 140% of the expected values after extraction by any method for diets B-D. Concentrations of DDE, dicloran, malathion, and trifluralin were >140% of the expected value for diet A only after MAE. Chlorothalonil was recovered at levels between 60 and 100% of the expected values by using blender extraction, but the other methods resulted in levels of 39-70% of the expected values. The laboratory-added pesticides α-and (-chlordane, fonofos, and hexachlorobenzene were recovered at levels between 60 and 130%, with a single exception for fonofos in blender extracts of diet A, which was recovered at 140%. Tables 4-7 are an indication of the reproducibility of all of the steps involved in analysis for the pesticides, including homogenization, extraction, cleanup, and determination by GC/MS. The RSD for 4 replicates was <35% for α-and (-chlordane, dicloran, dieldrin, endosulfan I, fonofos, hexachlorobenzene, cis-and trans-permethrin, and trifluralin for all diets by all ex- (23) a Each value is the mean with the % RSD in parentheses; n = 4. b The expected value is the product of the pesticide concentration in the single ingredient, as determined by the methods described in Table 1 , and the fractional portion of that ingredient in the dietary composite. traction methods. DDE had an RSD of ≤20% in diets C and D at 2.4 ng/g, but the measurement was less precise in diet A at 0.4 ng/g. The precision for measurement of chlorothalonil in high-fat diets was an RSD of <25% for all extraction methods, and in low-fat diets was an RSD of <30% for Soxhlet extraction, blender extraction, MAE, and SFE, with higher RSDs (39 and 51%) for PFE. The reproducibilities for chlorpyrifos and malathion did not follow any recognizable trend with regard to method, fat content, or water content.
The relative standard deviation (RSD) values reported in
Results of ANOVA comparisons of individual analytes for interactions between method and fat content and between method and water content are given in Table 8 (15) a Each value is the mean with the % RSD in parentheses; n = 4. b The expected value is the product of the pesticide concentration in the single ingredient, as determined by the methods described in Table 1 , and the fractional portion of that ingredient in the dietary composite. (13) 3.9 (6) 3.0 (10) 3.1 (10) ferences are indicated among methods by a p-value of <0.05. For fonofos, which was added to peanut butter, relative performance among the 5 methods was dependent on the fat content of the diet analyzed (p = 0.02) with higher recoveries from low-fat diets A and B. For incurred chlorothalonil in tomatoes, the relative performance among methods was significantly dependent on the water content of the diet (p = 0.003), with higher recoveries from low-moisture samples B and D. In all other cases, method performance was independent of fat content and water content. It is interesting that SFE recoveries were independent of water content under the conditions of this study, which included the addition of a modifier directly on top of the sample in the extraction cartridge and the use of CO 2 -methanol (95 + 5) as the extraction solvent.
Results of the ANOVA for individual analytes for comparisons among methods for all dietary composites, 4 replicates from 4 diets, are given in Figure 1 . The statistical combination of all 16 replicates for an individual method permitted the observation of small, but statistically significant, differences between extraction methods. For 7 of the 14 pesticides studied, the measured concentrations obtained by MAE were significantly higher than those obtained by any other method (p < 0.05). For 4 additional pesticides MAE, although having the highest yield, was not significantly different from all other methods. The measured concentrations of chlorpyrifos, endosulfan I, malathion, and cis-permethrin were approximately 10-20% higher in the MAE extracts than in the extracts obtained by the other methods. Blender extraction resulted in a significantly higher concentration of fonofos and chlorothalonil. Averaged over all dietary samples, chlorothalonil was 50% higher in blender extracts than in SFE, PFE, MAE, or Soxhlet extracts.
Discussion
This study is the first demonstration of the extraction of incurred pesticides from a dietary composite. Incurred pesticide concentrations used in this study are realistic for composite diets, and they are lower than the concentrations in previously reported studies measuring incurred pesticides in single food items (17, 18, 31) . A wide range of incurred and added pesticides was extracted from both fatty and nonfatty composited food items by using the 5 extraction methods. The 5 extraction methods use hexane, acetone, and carbon dioxide, all of which have low toxicity. Recovery was independent of fat content and water content for 12 of the 14 pesticides studied; this finding suggests that these extraction methods would be applicable to a wide range of composite diet samples. Therefore, the methods would be suitable for dietary exposure monitoring studies for semivolatile pesticides.
Performance objectives for methods used in the analysis of dietary exposure samples were selected to be consistent with criteria applied to exposure monitoring methods for other environmental matrixes, and the complexity of the duplicate diet matrix was considered. Performance objectives for recovery were set at 60-130%, and precision objectives for RSD were set at 30%. Although these criteria are slightly less stringent than those usually applied to organic analysis in other exposure matrixes, some allowance was considered necessary because of the complexity and diversity of the duplicate diet samples and the extremely low detection limits required (32) .
The reproducibility of results, as reflected in the RSDs, is comparable with the precision reported in other studies of extraction of pesticides incurred at low levels. For example, the concentration of incurred hexachlorobenzene in carrot was determined as 7 ± 2.8 ng/g by SFE, and 8 ± 4 ng/g by Luke extraction, representing RSDs of 40 and 50%, respectively (33) . In a study comparing PFE with hexane extraction, the concentration of chlorpyrifos in banana was reported as 30 ng/g with a 10% RSD by using PFE, and as 50 ng/g with a 13% RSD by using hexane extraction (18) . In the same study, malathion in sweetie was reported as 30 ng/g with a 21% RSD by using PFE, and 30 ng/g with a 36% RSD by using hexane extraction. Thus, the RSDs in the current study compare favorably with those in the limited published studies of incurred pesticides at similar concentrations. Performance objectives fall within the established criteria for all analytes and extraction methods tested in this study except chlorpyrifos. An explanation for the high RSDs for chlorpyrifos is not readily apparent, but similar high variability in the analysis for chlorpyrifos in fortified composite diets (32) and in tomatoes with incurred chlorpyrifos residues (17) was reported previously. a -= DDE was not evaluated for an interaction between method and fat content because DDE in butter was incurred, and the butter content of the high-fat diet was greater than that of the low-fat diet.
Although most pesticides were well recovered by all extraction methods, there are differences that make one method preferable over another, depending on the needs of the study. Soxhlet and blender extraction use inexpensive equipment available in most laboratories and can be used for sample sizes of ≤20 g dietary composite. Although both of those methods require a large volume of solvent, they would be useful when a limited number of samples is collected. Blender extraction is preferable for certain labile pesticides, such as chlorothalonil, because extraction is performed quickly at room temperature. For example, blender extraction of chlorothalonil in low-moisture diets B and D gave recoveries that were 50-100% higher than those obtained by the other extraction methods. The lower recoveries of chlorothalonil by PFE and MAE appear consistent with previously reported results in which chlorothalonil degraded at microwave temperatures of >80°C (17) .
Results of this study (Figure 1) show that MAE led to measured concentrations for 11 of 14 added and incurred pesticides that were about 20% higher than those obtained by the other extraction methods. This significant difference was observed when a statistical test combining all high-fat, low-fat, high-water, and low-water (n = 16) samples was performed. The greater weight recoveries from low-water samples B and D suggest that a wider range of materials became soluble under the MAE conditions used in this study. The apparent higher recoveries were not caused by the concentration of the solvent during extraction. The apparent higher recoveries also were not attributed to greater matrix enhancement in samples subjected to MAE. Response factors for all analytes were determined by using matrix calibration standards prepared from high-and low-fat samples subjected to PFE, MAE, and Soxhlet extraction. There were no observed differences in the response factors due to the extraction techniques used to prepare the calibration standards. Thus, the greater pesticide recovery is most likely due to more complete extraction. Greater recovery of incurred pesticides by MAE than by blender extraction has been reported previously (17) . The apparent slightly higher extraction efficiency of MAE, although statistically significant, for all practical purposes is probably not significant when MAE is used to make dietary exposure estimates, the purpose for which this method was developed. The microwave-assisted extractor tested in the present study permits simultaneous extraction of ≤120 g solid material by the use of multiple vessels, making it appropriate when larger samples are required, or when several samples must be extracted quickly. MAE would be most useful in studies requiring extraction of thermally stable analytes.
PFE is an automated method that separates extracts from the matrix during extraction; this separation is convenient when large numbers of samples must be extracted. The extraction cells are large enough to accommodate 10 g composite diet in a single cell. Similar to MAE, PFE involves sample heating and may not be suitable for thermolabile pesticides.
SFE is also an automated method and is especially useful for studies in which reduction of liquid solvent consumption is required. A 10 g dietary composite sample requires about 25 mL liquid solvent for SFE. However, the small size of the extraction cartridges used in most commercially available SFE instruments requires division of samples among multiple cartridges, which increases the preextraction holding time for part of the sample. It has been shown that keeping the samples on dry ice until extraction improves the recovery of chlorothalonil (34) . However, the need to keep the samples on dry ice eliminates the advantage of using an automated instrument.
All 5 extraction methods tested could extract pesticides in a variety of composite dietary samples. Blender extraction was superior for recovery of thermolabile analytes, such as chlorothalonil and fonofos. In practice, the method selected for an exposure study would be determined by the number of samples to be extracted, the analyte stability at elevated temperatures, and the cost of analysis, which takes into consideration the instrumentation and solvent usage and disposal.
